Abstract. Designing orthopedic implants with a long lifespan is essential for improving patients' quality of life. It is necessary to
INTRODUCTION
Medical statistics have shown that orthopedic implants have a relatively short life span, so many researchers and physicians have joined efforts to optimize the design, to optimize the choice of materials and the manufacturing technology, in order to prolong implant durability. Theoretical research methods specific to engineers become more efficient when applied in close collaboration with medical professionals on a "functional team". The medical area of orthopedics has strong interference with the technical field, the field of medical engineering research having an interdisciplinary character.
The locomotor apparatus is the musculoskeletal system that allows you to move in space and mobilize different body segments, some in relationship to others.
The parts of the implant must allow specific relative movements for the entire range of human activities over a long period of time. The study starts from the anatomy concept of the knee joint ("a hinge joint"), the largest and most complex of the human joints. The bones that make up the knee joint ( Figure 1 ) are: femur 1, patella 2, and tibia 3. The fibula 4 does not directly participate in the articulation. The femur, the largest bone of the body, articulates with the tibia through its distal epiphysis formed by two protrusions (lateral and medial condyles) corresponding to the tibial plateau. The medial condyle is narrower but more prominent and is 3-4 mm longer than the lateral [1] to articulate with the medial tibial plateau.
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The medial and tibial plateaus are not in the same plane, the medial one being lower by 3-4 mm.
Anterior to the two main bones of the joint (femur and tibia), there is the extensor apparatus that includes a patella which via the patellar ligament is attached to the tibia.
For the assessment of human body bones and their pathology, their geometry must be related to the planes and axes of the human body, Figure 2 Being based on the principle of bilateral symmetry, the human body has three axes and three planes forming a triorthogonal triangle. The planes of the human body can be applied to the area of the body we are studying (for example, the knee joint) and named the same. A very important aspect is the mechanical and anatomical axes of the bones forming the lower limb ( Figure 3 ).
Although apparently the human limbs seem to be straight, there is a 9-degree angle between the vertical axis and the anatomical axis of the femur and an approximate 175 degree angle between the anatomical axis of the femur and the one of the tibia [1] . The mechanical axis of the lower limb is defined as an axis going through the center of the hip, knee and ankle joints, which forms a 3-degree angle with the vertical axis, Figure 3 . The anatomical axis of the tibia coincides with the mechanical axis, while the femur axis does not; it forms a physiological angle of 5-10° to the mechanical axis. You can also highlight the hip, knee and ankle guidance lines.
A joint means the connection between two bones, and their relative movement. The joint makes the mechanical link between the bone levers.
The shape and degrees of freedom of movement of the joints are important factors that determine the direction of the movements and limit their amplitude.
Understanding anatomy and knee biomechanics [4] is extremely useful both for the study of locomotion in general and for the diagnosis and treatment of pathological conditions. Knee movements are allowed by the shape of the tibial and femoral joint surfaces and are limited by the 4 major ligaments (ACL -anterior cruciate ligament, PCLposterior cruciate ligament, MCL -medial collateral ligament, LCL -lateral collateral ligament).
The knee joint is basically formed of two friction couplings (two femoral condyles in contact with two tibial plateau parts) acting unitarily due to the ligaments, especially the cruciates.
The knee joint has 6 degrees of freedom: 3 rotation (flexion / extension, internal / external, varus / valgus) and 3 translation (anterior / posterior, medial / lateral, superior / inferior), Figure 4 . The main movement is flexion / extension. It is accomplished by a rolling and sliding motion of the femoral condyles on the tibia, followed by a movement of the axial passage of the tibia, given the inequality between the two femoral condyles.
Knee arthroplasty is the surgical procedure in which the affected knee and cartilage are removed and replaced by an implant consisting of the following parts: femoral component 1, polyethylene 2 insert and tibial component 3, Figure 5 . These pieces allow for natural knee movements.
From the mechanical point of view, the main causes of failure that arise from the knee joint replacement operation are [6] : the polyethylene wear from which the insert 2 is made, the failure of the femoral component cement 1 and the tibial component 3 or even the implant breakage [7, 8] . In order to minimize these issues, the virtual model of the parts that make up the implant and the virtual model of the bones in which it is mounted are made and the virtual bone-implant assembly is analyzed, both cinematically and in terms of mechanical resistance (Finite element analysis). By simulating the mechanical behavior of the implant in the human body, information is obtained from which the physician can make a correct choice of the type and size of the parts that make up the implant (eg the type and length of the tibial extension).
THREE-DIMENSIONAL MODELING OF HUMAN BONES THROUGH 3D SCANNING (REVERSE ENGINEERING)
Because human body bones are geometrically quite complex, we used Reverse Engineering techniques to get their virtual model.
Reverse engineering can be used in the design and redesign process and consists of taking geometric shapes of existing objects using special devices such as 3D scanners and converting them into digital formats [9] . In other words, reverse engineering consists of obtaining the virtual model of an existing object through 3D scanning techniques.
The paper presents the virtual model of the tibia starting from the real bone, Figure. 6. The bones were made available to us by the "Carol Davila" University of Medicine and Pharmacy in Bucharest -the Anatomy Laboratory. The scanner used to digitize the tibia is a portable scanner of the 3D Exascan type, Figure 7 . It scans objects of different sizes, with simple or complex geometries, with a scanning resolution of 0.2mm, making 25.000,00 measurements / s.
Figure 7. Portable 3D Exascan Scanner
The stages of the scanning process are:
-connecting the scanner and accessing the "VXelements" -calibrating the scanner, if necessary -preparation of the benchmark for scanning, i.e. setting reference targets; The scanner uses the reference targets to position itself in space and set the scan direction -target scanning -scanning the object For a good scan of the object, the scanning distance must be respected.
Targeting can be done in two ways:
The first option -when the targets are positioned on the scanned object. In this case, the object can be moved in any position during scanning.
The second option -when the targets are not positioned on the scanned object, but are positioned on the work table, and the object is fixed between the targets. In this case, the object can only be moved after the scan is completed.
To scan the tibia, we tried several scanning variants to find the optimal version.
We tried scanning with targets placed on the tibia, but the shape of the bone did not allow the mounting of at least four targets on all the surfaces of the bone.
Scanning the tibia with the worktop mounted targets also did not allow full scanning because we chose to fix the scanned tibia in the vertical position (to get the mark from a single scan) and the optimal scanning distance relative to the targets did not allow to scan the entire part, Figure 8 . We tried to add targets to a vertical plane, namely to mount a target panel behind the bone, but this method was not satisfactory as the scan result had overlapping surfaces and voids Figure 9 . We tried another option, namely setting the targets only on the worktop, fixing the tibia in a vertical position and mounting the targets on top of the tibia, Figure 10 . Figure 11 shows the tibia in the optimal scanning model. During the scanning process, the surface is rendered in real-time and the user can view the result as the object is scanned.
Figure 11. Optimal scanning model
By using this method, we have achieved a result with a very good fidelity. After 3D scanning, the virtual model obtained may have imperfections (holes, discontinuous surfaces). In this case, it is imported into a threedimensional modeling software (Catia, SolidWorks) and retouched. A good scan of the object, with a high degree of fidelity, shortens the processing time.
The quality of the scan pattern is also influenced by the resolution we set in the scanner software before or after the scan. Thus, the scanner software can achieve a mesh from previously acquired, coarser or finer raw data, depending on the user-defined scanning resolution. Mesh is required for export to the software that will process the pattern obtained via scanning.
After scanning, we imported the saved Mesh model into Catia and processed it: we delimited the areas, checked and completed the surfaces, eliminating the discontinuities, Figure 12 . Since the knee implant parts have relatively simple shapes, we can use conventional modeling techniques with specialized software such as Catia, SolidWorks to get their virtual model. Thus, we modeled the knee prosthesis parts using the SolidWorks software, Figure  13 . These parts are: the femoral component 1, the polyethylene insert 2 and the tibial component 3. To give better stability to the bone-implant assembly, the tibial component 1 extended with a stem (tibial extension) 4. After modeling these parts, we assembled them into SolidWorks, obtaining the virtual model of the bone plus prosthesis. We have thus tested the accuracy of the execution of the implant parts and verified that the prosthesis ensures the degrees of freedom specific to the knee joint (Figure 14) . In this way, we tested the mobility of knee joint because it is an esential goal taken into consideration in a knee artroplasty [10] . We simulated the movement of the femoral component 1 with respect to the assembly consisting of the polyethylene insert 2, the tibial component 3 and the tibial extension 4. In order to achieve the bone implant assembly, we saved the tibia processed in Catia with the extension .igs, we imported it into SolidWorks and then added the implant components. Next, we made a cross section of the tibia and removed the plateau.
Inside the tibia we made a longitudinal groove, representing the medullary canal into which the implant is inserted, Figure 15 . 
FUTURE RESEARCH GOALS
In order to simulate the implant behavior in the human body, the following steps will be taken in the future:
Assign material and set material properties for all components: tibia (bone), femoral component (CoCr alloy), polyethylene insert (polyethylene UHMWPE), tibial component (CoCr alloy), stem (CoCr alloy).
The weight of the human body is amplified with an error coefficient simulating the natural functioning of the knee. Finite element analysis is performed to measure the stresses and deformations occurring in the components of the assembly and to check the mechanical strength of the implant. Repeat the analysis for different tibia lengths for different varus-valgus tilt angles for different degrees of osteoporosis (bone densities). For each situation, determine the optimal type and size (length, diameter) of the tibial extension.
CONCLUSIONS
Creating virtual bone models through 3D scanning meets designer requirements, as the virtual model resulting from scanning reproduces with high fidelity the real bone.
The disadvantage of modeling by scanning the bones is that the method cannot be applied in vivo. But even if it is applied only in vitro, the results of the study conducted with these models can be applied to patients.
Another method of realizing the virtual model of human bones is reconstruction by transforming radiographic images (in vivo method). The difference between the two methods is that the latter does not require the existence of the real bone (from the corpses), but it is a more cumbersome method.
3D scanning techniques can be used in complementarity with conventional virtual modeling techniques with specialized software and can be successfully applied in biomechanics, where we frequently encounter objects with complex surfaces.
